Insofar as possible we adopt the definitions and notation of our earlier paper [6] . For a better motivated definition of the operatorvalued function space integrals I λ (F) and J q (F) see [3] and [4] . Throughout the paper we assume that F has the form given above •where / is a measurable function on R n .
Four cases arise: (a) The normalized constant function a o (t) = (b -α)~1
/2 is orthogonal to span {a 19 , a n }. (b) a Q e {a 19 , a n }, say a 0 -a x for convenience, (c) a 0 $ {a 19 , a n ) but a 0 e span {a lf , a n }. In this case, one may choose a new orthonormal basis {β ly •••,/?"} for span {a ly •••, a n } such that a 0 = β x . Now by an appropriate change in /, one has case (b). (d) a 0 g span {a ly , a n } and a 0 is not orthogonal to span {a ly , a n }. In this case one may choose a basis {β ly , β n+1 } for span {a 0 , a 19 •••,««} such that a 0 -β x Again after making an appropriate change in /, we are back to case (b) except that the •dimension is raised by one. Examples of cases (a) and (b) are easily given. Choose one of the standard orthonormal sets on [α, 6] . Pick out a finite subset. If the constant function is not included, we have (a); if it is included, we have (b). Cases (c) and (d) will be illustrated in § 4 of the paper; (c) in connection with the important example of functions of independent increments. Throughout, the hypotheses are made on the function / which arises after the conversion has been made, if necessary, to cases (a) or (b) .
To obtain the existence of I λ {F) for Re λ > 0 we require only that
n )] be integrable for all p > 0. For the existence of J g (F) we require the integrability of f(u 19 •• ,uj. In both cases, the restriction on / is much weaker than in [2] or [9] 415 where Cameron's earlier definition of the Feynman and related integrals was employed to study functionals of the same type. It is perhaps worth mentioning that the existence theorems of this paper are the first results in the theory (see [3] , [4] , and [6] ) in which the functional F is allowed to be unbounded.
In our earlier work [6] , the existence of I λ {F) was obtained quite readily but the existence of J q {F) was more difficult to establish* Here, the situation is reversed. In establishing the existence of I λ (F), a probabilistic interpretation of I σ λ {F) for λ > 0 allows us to write I\{F) in a more manageable form.
To obtain the existence of J q (F), one needs to show that it is the weak operator limit of I λ (F) as λ goes to -iq along the line p -iq, p > 0. We get a stronger result than this; in case (a), as in [6] , we show that J q (F) is the strong operator limit of I λ {F) as X-+-iq through the right half plane. In case (b), we actually get J q (F) as the limit in operator norm of I λ (F) . Also, as in [6] , we get the existence of J q (F) for every q Φ 0. In this respect, our results resemble the "deterministic theorem for J g (F)" from [4], an improvement over Theorem 5 of [3] which gave existence of J q (F) for almost every q. The type of functional dealt with in those two theorems is quite different from ours however. In our case, the operators arising as the function space integrals will turn out to be convolution operators, and so, known results on such operators [5, p. 951-964] can be applied to give information on I λ {F) and J q {F).
Finally we mention that the class of functionals studied here neither includes nor is included in the class studied earlier [6] . The most obvious difference is that, in the present case, F(x) may depend upon the values of x throughout [a, b] whereas a functional F of the form F(x) = fι{%{Q) f n (x(t n )) depends only on the values of x at 2* The operator I λ (F). We let a 0 , a lf , a n and F be as before. For convenience we let e λ (u) = λ
) and let * denote the operation of convolution. The following theorem establishes the existence of I λ (F).
is ίntegrable on R n for all p > 0. 
ψe L 2 and -oo < ξ < oo. (b) // α 0 = «" ίfceπ Iχ(F) is given by the formula
where
ψe L 2 and -oo < £ < oo.
Proof, (b) We first establish the existence of the operator I* n (F). Let ψeL 2 .
For λ > 0 the following Wiener integral exists and is given by
which is in L 2 since A λ β λ is in L x . Now for Re λ > 0 let Then A(λ; ψ ) is in L 2 for Reλ > 0. Furthermore for any φeL 2 , an application of Morera's theorem (together with the Fubini theorem and the Cauchy Integral theorem) to (A(X; ψ), φ), as in [3, p. 533] enables us to conclude that A(X; ψ) is analytic (as a vector valued function) in X for Re λ > 0. But for λ > 0, ,6] and so IΓ{F) exists for Re λ > 0 and is given by
Let σ: [a -t 0 < t x < < t m = b] be a partition of [α, b] and let Γ λ (F) be defined by (4.7) of [3] or (2) of [6] . We must show that I°λ{F) -* I?{F) in the weak operator topology as ||α||-*0. This will establish the existence of I\ eq {F) (and hence of I λ (F), the common value of I s λ eq (F) and I a λ n (F)) and verify (2) . We begin with an outline of the proof. Using the general multivariate normal probability density function, we obtain an alternate expression for Γ λ {F) for λ > 0. This expression and the old expression agree on the real axis and are both analytic throughout the right half-plane; hence they agree for all X such that Re λ > 0. Using the new expression for I°λ{F) we are able to prove the necessary limit statement; the key here is showing that the covariance matrix associated with the multivariate normal density function converges to the identity matrix.
As is pointed out in [3, p. 530] , for λ > 0, Hence C σ ->I in operator norm as ||0 ||~+O. Thus for ||σ|| sufficiently small, C σ is a positive-definite matrix and is invertible and has a positive determinant [1] ; we assume throughout the remainder of the proof that ||σ|| is small enough so that C a has these properties. Thus C σ -> I, C~ι -* / and | C a |-1/2 -> 1 as JJcr || --0. Now let ^,
•-,!;») = (2π)"-/ 2 |α|-1/2 exp{-i((Vi, ,i; ), C" 1^! , , v Λ ))} be the multivariate normal density function associated with Xi, , Xl [1] . Here (,) refers to the inner product. Then we can write [8, p. 41 
which upon a change of variables becomes
We now have our alternate expression for Γ λ (F) for λ > 0. This formula defines an operator-valued analytic function of λ for Re λ > 0 as can be shown in the usual manner [3, p. 533] by applying Morera's theorem. To check the details of this, one should keep in mind the properties of C σ and may also wish to consult the remainder of this proof. Now (4) and the defining expression for Γ λ (F) are equal to the same Wiener integral for λ > 0 and both expressions are analytic for Re λ > 0. Thus (4) gives I σ λ (F) whenever Re λ > 0. Now let λ be fixed (Re λ > 0) and let ψ, ψ 0 e L 2 We finish by showing (iftF)^, ψ 0 ) ~> {I'Γ(F)t, to) as ||<7||->0. It will suffice to show this for an arbitrary sequence of partitions {σ k } such that ||σ fc ||->0. Comparing (4) and (2) carefully and recalling that C^1-*! and |C«,J"~1 /2 -*l, we see that the proof of (b) will be finished if we can justify an application of the dominated convergence theorem to ( 5 for all vectors (w ιy , w n ). Hence for k ^ N, a dominating function is given by
which is integrable by our hypotheses. Thus the proof of (b) is finally complete.
(a) In this case we note that for λ > 0 and ψei 2 the following Wiener integral exists and is given by
The remainder of the proof in this case is similar to the proof of the above case and is omitted.
Using the lemma from [6] and results on convolution operators found in [5, p. 951-964] , we easily obtain the following corollary. I x {Ff will denote the adjoint of I λ (F).
COROLLARY.
For all λ such that Re λ > 0, I λ {F) is a normal operator. In case (a): (i) I λ {Ff is given by the formula (v -ξ) f(v)dv (6) for f GL 2 ) where the integral is interpreted in the mean [3, p. 521] Proof, (a) The proof of this case follows from the theorem in [6] . (b) Let q Φ 0 be given. Let K q (F) denote the map defined by
{K q (F)ψψ)^[h_φ)e^i q {v)h[ir{v)]{ξ).
K q {F) is an operator since h_ iq e_ iq is in L 1# It will suffice to show that K q {F) is the operator norm limit of I?(F) as λ-> -iq. However, by [5, p. 953] , it suffices to show that h λ e λ converges in L ι norm to h_ iq e_ iq as λ~> -iq. But for all λ such that |λ| ^ 2\q\ and Reλ > 0, \h λ (v) 
Thus the result follows upon application of the dominated convergence theorem. Again using [5, p. 951-964] and the lemma from [6] , we easily obtain the following corollary. [° e iq (v -ζ) 
ψ{v)dv where the integral is interpreted in the mean, (iii) If d_ iq Φ 0, J q (F) is invertible as an element of ^f(L 2 ), and J q {F)~ι = \d_ iq \~2J q {Ff. In case (b): (i) J q {F) is a normal operator, (ii) J q {F)* is given by the formula (J q (F)*ψ)(ξ) =
[h_ iq (-u) 
e iq (u)]*[f(u)](ξ).
(iii) \\J q (F)\\ = sup {\jr(h_ iq e_ iq )(y)| : --< " < oo} .
(iv) The spectrum of J q (F) is the closure of the range of J^~(h__ iq e_ iq )* 4* Examples* EXAMPLE 1. Let A(^)) Thus 
and ^(h λ e λ )(y)
. Thus, by the corollary, we see for example, that
In [3] the functional We wish to illustrate how such functional may be treated in the framework of our theorems. We consider the case where n = 3. Now 
Then writing the α/s in terms of the /3/s and letting
we obtain which is case (b). In connection with Theorem 2 we mention that if g is integrable, so also is /. The Supporting Institutions listed above contribute to the cost of publication of this Journal, but they are not owners or publishers and have no responsibility for its content or policies.
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